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SHAFT SINKING BY STRIPPING CHURN-DRILL HOLESL/ 
By We. A. Cole2/ 
INTRODUCTION 


As the mines get Glder and the active workings get farther and farther 
wey from the original mine openings, it becomes increasingly difficult and 
ex —Sensive to ventilate most coal mines properly. At the same time, the 
eve=ries of escape for those employead underground have become so extended 
ag o-ten to make it imvossible for them to make their way out of the mine 
12 the event of a fire, mine explosion, or other emergency. 


Naere such conditions exist, the only satisfactory solution is to make 
le=~J ventilation and emergency-escane openings near the active mine workings. 


4 : 7 s ‘ 7 ° 7 
Ay host mines this would necessitate sinking shafts, which is often slow anc 
ex Sensive, 


The problem of relatively inexnensive as well as relatively expeditious 
salt sinking under favorable conditions, which are not unusual in the Cen- 
im al States coal region, has been solved at one mine in southern Indiana. 


o This. paper describes the method of sinking shafts by strivping small- 
ch = eter churn-dril] holes as emvloyed at the Ditney Hill mine of the Ingle 
ae Corporation, Elberfeld, Warrick County, Ind. 
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fe a weiter wishes to acknowledge the csoperation of the officials of 
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| GENERAL DISCUSSION 


ile a vertical, 8-foot-diameter, steel—plate—lined mine shafts were sunk 
wit ich re by stripping a 12-inch-diameter churn-drill hole in each, into 
bine ea Muck was shoveled and dropped to the mine workings below; it was 
\TELS 6 1 ed Mechanically at the bottom of the churn—drill hole. This method 
aes es iy in sinking an air shaft 97 feet deep in 1940 and an emergency 
2a a to a depth of 147 feet in 1942. The air shaft is near the mine 
ee NG the escapé shaft is apyroximately half a mile northeast of the 
af The Bureau of liines will welcome reprinting of this paper, provided the 

“lowing footnote atknowledgnent is used: "Reprinted from Bureau of 

> Hi Information Circular 7308." | 
Ning engineer, Bureau of Mines, Health and Safety Branch, Vincennes, 


nd, 
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The formation at the Ditney Hill mine is a hard, grav shale or saxty 
shale overlying the coal. Surface soil and clay to a depth of 12 feet 
were encountered in both shafts. Water seepage did not amount to nore 
then 300 gallons in 24 hours in either shaft. 


CYCLE OF OPERATIONS 
The procedure in the construction of the shafts was as follows: 


1. A 12-inch-diameter churn-Crill hole was first put dom at the 
shaft site to a mine room or entry below. Care was taken in the drilling 
to keep the hole centered in the provosed shaft. 


ee The soil and clay was excavated to a solid ledge, and the ground 
was supported by temporary timbers or concrete. 


3. <A bearing set of steel rails was placed on the shaft collar, ex 
a ring of steel lining plates was bolted to the bearers with heavy steel 
hangers. Additional stecl lining plates were then bolted in place down 
to the ledge. 


4. Rock was drilled anc blasted in such a manner that suitable 
fragmentation was obtained to nermit the free running of the muck throug! 
the churn-drill hole upon being shoveled into the hole. 


5. The shaft was lined by bolting the steel pla hes in place as the 
excavation deepened. the liring was kent ss near the bottom of the ex- 
cavation as possible. 


6. The muck that accunvlated in the mine at the bottom of the chur 
drill hole was loaded mechanically and unloaded in abandoned rooms. 


7. The voids behind the steel lining were filled with concrete or 
grout as required by the character of the ground and water conditions. 


 SHAPT-SINKING DETAILS 


A tripod was erected over the shaft, and hoisting was done ina 5- 
cubic-foot bucket attached to a cable. 


shaft Collar 


In sinking the air shaft, the overburden was excavated by hand sho 
ing to a convenient depth for throwing the material out of the hole. «! 
attempt was made to drop the remainder of the overburden through the cm 
drill hole, which resulted in clogging the hole. 


In sinking the escape shaft, the overburden was excavated to solid 
shale, the opening was lined with concrete. The concrete walls have 8 


nininum thickness of 1 foot, with a footing provided by cutting a hitch 
in the solid shale. The cross-sectional inside dimensions of the collé 
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Figure l.—Typical drill round for 
8-foot-diameter shaft. 
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"eT feet 2 inches by 9 feet 2 inches, which allowed a minimum clearance 
ae e J ? 
<< C inches between the concrete wells ard the steel lining. The snace 

Eb ye s s La M4 ; 
‘eureen the concrete walls and the steel linings wes filled with concrete 


J. 


S 
~2 Completion of the sinking operations. 
ee . rn - 5 . s ° ® 
b- “fe Dearing set from whicn tne steel lining was hung consisted of two 
“round steel rails placed across the too of the concrete collar and two 
‘T2988 rails velded between the longer ones. 

Drilling end Blasting 
PSs - e Ly 
,. 7h rock was drilled in 2-foot rounds with a Thor jackhammer operated 
‘! Connressad air supnolied by a small portable air compressor. 


The typical round was drilled with the holes located in two circles 
“$ shown in figure 1. The inner circle of 5 holes was 15 inches from the 
“ATS—irill hole, whereas the outer circle of 11 holes was started as close 
lining as drillins permitted and was bottomed within the neat line 
Excaration. 


\ “ 
~ 
. 
a 


C 
3.4 28 
Cl tue 
Forty-nercent dynamite was used. The entire round was fired electri- 
at the sane time by using instantaneous electric detonators in the 


aiid aa e 
-“v€> circle of holes. 


cally 


Teo 10-foot lengths of 4O0-pound rails suspended on a cable were hung 
‘T tne churn-drill hole so that pait of the rails extended out of the hole 
ee & rou was shote The ratls allowed only the finely broken rock to 

v“SS and prevented plugging of the drill hole by the blast; after the blast, 


tae Sioa wit 4 ms $ F , } 
i@ hole could be opened easily by sanking the cable. 


_ 
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Th le q e e . 
Sni]] 7 Was renoved from the shaft by shoveling it into the churn- 
oe hole, 


“Ko. 7 BU Joy loader was used for loading mine cars at the bottom of 


te chy a e 
Ti-drill hole. The muck was loaded once a day, which required vir- 


tual] ; 
ae Ac shift each 24 hours for a crew of 1 loading-machine operator and 
ares nen, 


Shaft Lining 


Ari , oe 
retay.a ve Of liner plates was placed in the shaft as soon as the muck was 
Cldved at : 


‘er blasting. 
Arr 
of Niddleroe ee liner plates manufactured by the American Rolling Mill Co. 


"1, Ohio, were used in these shafts. The plates are structural 
t Corr 
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Bach section of the plate is curved to conform to specifications for 
the individual job. Plates are rolled for various diameters from 8 to 
160 inches. It requires six full plates to make a full-circle lining hey’ 
a 96-inch diameter on the neutral axis, the cross-sectional dimension of 
the vertical shafts at the Ditney Hill mine. 


The steel-plate linings are sup nlied in standard gages from No. 3 io 
Doe Le depending on the load the lining must supnorte Plates used in ti 
Ditney Hill shafts are No. 10 gage. 


One end of the plate is offset to allow for the lap of the end joint 
The offset depth is equal to the thickness of the metal. The overlap of 
the plates is 3 inches. Five half-inch bolts are staggered at the lav en 
of the plate, the bolt heads being welded in place. 


Plates with bolts at both ends and plates provided with holes only a 
both ends are supplied for inside erection. The erection of a full circ 
set of plates in a shaft is started with a vlate having bolts at both ex 
The last plate to complete the ring has bolt holes at both ends and cant 
fitted easily over tke bolts in the adjoining plates. 


Four holes for 1/2-inch bolts are provided in each flange of the fu 
plate. The flanges of two adjacent rings are bolted together to form ho: 
gontal joints at 18-inck igtervals The strength of the bolts determines 
the weight of liner vlates8 that can be supported from one bearing set. 


The end joints of the plates are stazzered on adjacent wines. as 
shown in figure e2. 


The steel liner plates used in the shafts at the Ditney Hill mine « 
made of galvanized Armco ingot iron nrovided with a special asbestos-bor 
bituminous coating on both sides. she plates are processed by pressing 
layer of asbestos felt into the molten zine coating as the flat plates 
emerge from the galvanizing rolls. The porous mass of fibers on the pli 
is then saturated thoroughly with a bituminous material, after which th 
plates are corrugated, formed, and coated with bitumen. 


TABLE 1. — Properties and weights, American Rolling Mill Co. 
construction plate linings 


Thickness, | Area, Section modulus 
Gaze inches sqe in. Per inch j Per sect 
14... 0.0781 1.823 0.03847 0.6925 0.0363 0.6533 
ee ~1093 20550 | 0534 | «9613 0498 28°67 
10... 141 3.281 .0692 ! 1.245 0636 | 1.242 
Siar 172 4.014 20839 1.510 20763 1.374 
je. 0188 4.388 | .0919 | 1.655 .0833 | 1.1199 
eee 2219 =| 5.110 -1071 | 1.4928 -0958 1.7246 
cig 2250 ___i 5-835 | 1225 | _—-2.20 -1076 | 1.9376 
1/ Data takon from bulletin of American Roll ing Mill Co. 
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TABLE 1, 


~ Prdverties ond weights, American Rolling Mill Co. 
construction plate liningsl/(Cont'd. 
. Radius Aoproximate standard plate weights, 

: of incivding bolts, pounds 

==28 eyration x Full size | size 1/2 size 
ee) “OsO15 0.763 16 
— 6614 ~/8/ read 
“Vews 614 ~£03 Of 
ee 614 0823 33 
Tee] 614 83 36 
Dees] 61h 851 WL 
deve} 514 862 4 


1 : e e e Pe 
iy Data taken from bulletin of American Rolling Mill Co. 


Sinking Pro Eress 


. The work in the shafts was done on a three—shifts—-a-day basis with 
"ree men on each shift. Exclusive of the collar work, the air shaft was 
surk in 10 days and the escape shaft in 15 days. 


Costs 


n A é : . 

the air sheft was sunk when construction wages were in force. The 

“ Mining-wage scale established for all employees was in effect when 
scape shaft was sunk. As the yrescnt hourly rate for a similar crew 


ral aa . a ry e e 2 
veraces $1, tiis figure was used in estimating the labor cost given in the 


“1 tne 


tae e 


a iste liners cost $11.25 per linear foot of shaft delivered 
“~ the mine in 1940 ond $13.67 in 1942. | 
EsGape-shaft costs, based on 147 feet of shaft — 
Cost per linear foot 

uro-ari11 TOV G6. sie wise works 4.6 hes Swen eee $2.25 
oncrete collar and steel bearers....... ° 4.50 
ee labor (wages and insurance)....... 10.58 
a DE AG OS occ Gg ded, eoc du esaraeales oie ote ee eaiack Oras 13.67 
Plosives and gupplies......- pees e ees 5267 
bard | 

table eTision, overhead, end equipment rentals are not included in this 


CONCLUSIONS 
m™ : 
by ee ae of the center hole should be increased to prevent plugging 
t a the Shaft is wet and the character of the muck is such that it 


Reg a en, 
°ncy to ball or form a sticky mass. 


313 
— 5m 


Google 


I.C. 7308 


It may be economical to increase the size of the center hole if tig 
ground is blocky and it is difficult to obtain proper fragmentation ts 
insure free running o7 the muck through the churnedrill hole. 


A circular snaft hes numerous advantages from a structural stendocil 
as well as being ideal for ventilation. The cireulnr convening, varticula 
with flat-lying formations, requires minimum supvort for the shaft walls. 
and the circular steel lining furnishes the strongest resistance to late 
wressures for a given weisht of metal. 


ADAPTATION OF mBTHOD TO HEET STATED CONDITIONS © 


Deeper Shafts 


The devth of 147 fect attained in the escape shaft is nearly the pr 
cal limit for hanging a continuous section of steel lining from one sunt 
A concrete bearer at the required intervals is recommended in deeper she 
denending on the weight of Jining used. 


This recommendation is contingent unon tne ability of the rock vell 
to give proper sunvort for a concrete ringe In constructing such a rin 
a Footing should be provided by cutting a hitch in the rock and pouring 
concrete between the steel lining and rock walls to a height of three 0: 
four liner—plate rings. 


Unstable Horizons in the Rock Formations 


In sinking ea shaft, unstable horizons that were not disclosed by 
drilling and other mine openings may be encountered. In sections of th 
shaft requirinz special support, it is suggested that a concrete lining 
be installed by pouring concréte behind the steel lining, the same wey 
that the concrete ring previously mentioned was placed. Half sections 
the liner plates should be available to permit replacing full plates = 
providing openings for pouring the concrete. 
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